It is shown that the classical quasigeostrophic two-layer model of baroclinic instability 9 possesses an optimal ratio of layer thicknesses that maximizes the growth rate, given the 10 basic-state shear (thermal wind), beta, and the mean Rossby radius. This ratio is 11 interpreted as the vertical structure of the most unstable mode. For positive shear and beta, 12 the optimal thickness of the lower layer approaches the mid-height of the model in the limit 13 of strong criticality (shear/beta) but it is proportional to criticality in the opposite limit. For 14 a set of parameters typical of the Earth's midlatitude, the growth rate maximizes at a lower-15 layer thickness substantially less than the mid-height and at a correspondingly larger zonal 16 wavenumber.
analogy to the guiding roles played by the microorganism in molecular biology. 27 In applications to atmospheric baroclinic instability, the rest thicknesses of the 28 two layers are often assumed equal. Unlike the oceans in which an observed pycnocline 29 serves as a basis for the two-layer representation, the troposphere lacks a clear distinction 30 between the upper and lower layers. Given this, assigning equal depths to the two layers 31 may be considered an unbiased choice. However, since the thickness ratio also defines 32 the vertical structure of modes, the consequence of its choice merits careful examination. 33 Despite the thorough documentation of the unstable normal modes (Phillips 1954 ; 34 Pedlosky 1987 §7.11; Vallis §6.6), we feel that this aspect of Phillips' model has received 35 little attention and hence the writing of this note. To address this question, we start from the standard, linear normal-mode PV equations and 54 nondimensionalize them in a form convenient for our purpose: with k = l = 0 whereas the shortwave cutoff wavenumber is
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In (6) the cutoff wavenumber minimizes at k
whereas it becomes infinite as δ → 0 or 2 (i.e., when the thickness of either layer 78 vanishes). The growth rate of the unstable mode is given by
80
These results have been widely known under different notations (Pedlosky 1987, Vallis 81 transverse mode
Upon substitution (7) may be arranged into
84
Since the last term on the right-hand side is nonpositive and the first term depends only on 85 µ , the maximum growth rate occurs for a value of µ that maximizes the first term and a 86 combination of ε and β that makes the last term vanish for this µ :
From (9) the optimal thickness ratio is given by
The other root of ε is negative and unsuitable for β > 0 [(9)]. Alternatively, by 91 substituting ε max = 1− δ max in (9) and assuming δ max << 2 , an approximate expression
(11) 93 may be obtained. Note δ max → 1 as β → 0 : the optimal lower-layer thickness for 94 baroclinic instability approaches the mid-height of the model (equal layer thickness) in the 95 limit of strong criticality. In the opposite limit ( β >> 1 ) δ max ∝ β −1 ; namely the optimal 96 thickness becomes proportional to criticality. Once ε max (and δ max ) is obtained, the 97 wavenumber k that maximizes the growth rate may be computed from (9) and (11) as
7 eddy PV flux vanishes (Pedlosky 1987 §7) . With the flux written as the product of PV 101 gradient and eddy diffusivity K, this may be written as
103 From (13) and (11), the diffusivity ratio
105
Thus K 2 > K 1 for β > 0 and the ratio increases with increasing β . it is symmetric about δ = 1 . There is no long-wave cutoff, whereas the shortwave cutoff 109 wavenumber increases toward δ = 0 and 2 as (6) predicts (Fig.1a) . to an arbitrarily large wavenumber. Figure 3a shows the maximum growth rate of the One might also compare (11) with the vertical scale of the most unstable mode in 131 Charney's model, h * : surface current is westward). i.e., to maintain the atmosphere marginally critical one needs deep eddies (Green 1970, 166 Held 1982). Then, δ ≈ β profile is identical, with δ = 1 the corresponding lower-layer PV gradient is negative only 184 near the center of the channel (gray dashed curve in Fig.5a ), whereas with δ = 0.25 it is 185 everywhere negative and strongly so near the axis of the jet (Fig.5b) . In statistical steady 186 state, the negative PV gradient in the former is nearly eliminated, whereas the lower-layer 187 gradient in the latter, though substantially reduced, still remains strongly negative 188 (Fig.5a,b) . The mean shear in the statistical steady state with δ = 0.25 is much weaker 
